Purification and characterization of Thermotoga maritima homoserine transsuccinylase indicates it is a transacetylase.
The methionine biosynthetic pathway found in bacteria is controlled at the first step, acylation of the gamma-hydroxyl of homoserine. This reaction is catalyzed by one of two unique enzymes, homoserine transacetylase or homoserine transsuccinylase, which have no amino acid sequence similarity. We cloned, expressed, and purified homoserine transsuccinylase from the thermophilic bacterium Thermotoga maritima. Substrate specificity experiments demonstrated that acetyl-coenzyme A (CoA) is the preferred acyl donor and is used at least 30-fold more efficiently than succinyl-CoA. Steady-state kinetic experiments confirm that the enzyme utilizes a ping-pong kinetic mechanism in which the acetate group of acetyl-CoA is initially transferred to an enzyme nucleophile before subsequent transfer to homoserine. The maximal velocity, V/K (acetyl-CoA) and V/K (homoserine), all exhibited bell-shaped pH curves with apparent pKs of 6.0-6.9 and 8.2-8.8. The enzyme was inactivated by iodoacetamide in a pH-dependent manner, with an apparent pK of 6.3, suggesting the presence of an active-site cysteine residue which forms an acetyl-enzyme thioester intermediate during catalytic turnover, similar to observations with other transsuccinylases. In addition, the enzyme is highly stable at elevated temperatures, maintaining full activity at 70 degrees C. Taken together, these data suggest that the T. maritima enzyme functions biochemically as a transacetylase, despite having the sequence of a transsuccinylase.